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Effects of Misalignment on Propagation
Charact:ristics of Transmission Lines
Printed on Anisotropic Substrates

T. Q. Ho and B. Beker

Abstract—The spectral-domain method is applied to study the prop-
agation characteristics of grounded transmission lines on biaxial sub-
strates whose axes are misaligned with those of the line. The three
structures under investigation are the grounded slotline, microstrip,
and the edge coupled line. The formulation derives an expression for
the Green's function that is valid for substrates which are simultane-
ously characterized by both their permittivity and permeability ten-
sors. The off -diagonal elements of the permittivity tensor, present due
to the misalignment of the axes, are used to examine the dispersion
properties of these transmission lines with numerous case-studies pre-
sented for different angles of rotation.

I. InTRODUCTION

Recently, transmission lines on anisotropic matenals have be-
come increasingly more attractive in microwave and millimeter-
wave integrated circuit apphications. Different types of guiding
structures such as the microstnp line, coupled hine, finhne, and
slotline on simple anisotropic substrates have been extenstvely
studied by numerous authors in the past Since the carly work on
microstrips printed on sapphire substrates, which was presented by
Owens er al. {1], many other transmission lines on such matenals
have also been exanined in detail. Included among these studies
1s an open sidewall microstrip which was analyzed by the hybrid
mode approach, described by El-Sherbiny [2] In addition, propa-
gation charactenstics of single as well as coupled hnes on planar
anisotropic layers were also examined via the mcthod of moments,
as documented by Alexopoulos et al [3}. Other researchers, such
as Nakatani e al. [4], have extended the full- wave analysis to study
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suspended structures, whide Yang (7 al (3] huve eramuowed the di
persive prapertics ol a finhne o all of the Morementioned wotks
however, the antsoiropy of a substrate was represenied by a diag
cnal permittivity teasor only.

Up until now, there have been only 4 few studies dealing with
effects of misalignment between the axes of the substrate and thine
of the waveguwide on the dispersice Chamuienstns of Uansmission
lines prnted on ansotropie matenals Mathematnoally uch eflevns
are included by the presence of the off diaponal clements in the
permituvity teasor. Most of the reseur b etfarts | thus Gt have been
pnmanly focused on open transmussion Lines, with the most gen
eral treatment available in (6} Therrin, Taalumenpas e af have
considered an open microstrip hine with 4 substrate which iy char
actenzed by generalized {e} and | u] tensors In then analysis thew
used a complicated semi-analytical method, boweser, they did not
provide any numencal results for the effects of muahignment an
the dispersive pioperties of the structure. On the vther hand, for
shiclded structures, and specificaily for edge coupled lines on
boron niinde, Mostafa er al. {7) useo a full-wave solution 1o cal
cufate thewr dispersion properties for dormnant as wcll as higher
order modes.

In this paper, a fuil-wave analysis applying the spectral-domain
technique is used to analyze the effects of misalignment on the
propagation characteristics of grounded slothines, miwcrostnip hne,
and edge coupled lines printed on buaxial substrates The material
can be characterized simultancously by both permmiuvity and
permeabihity tensors, with the rotation of the principal axes re
stricted to the permituivity tensor alone Numencal results for var
jous transmission lines are examined n detal with respect to dif
ferent phvsical dimensions of the structure, subsirate parameters,
and angles of rotation of the principal axes of the permutivity ten-
sor

fI. THroRrY

The specific transmission line structures under consideration are
shown in Figs. 1, 2, and 3 along with the coordinate system used
to formulate the problem. All metal stnps are assumed 1o be pes
fectly conducting and infinitely thun The substrate. whose thick
ness 1s k. s lossless and is charactenzed by ats permittivity and
permeabiity tensors
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magnetic fields within the biaxial substrate can be written 1n their
compact forms as

Vx(ul™ VX E) -kl - E
Y x (e -V X H - k)u) - H

where the relative {¢] and {u] were previously defined in (1), and
k, is the free-space wave number.

The Fourier transform of any field component within the housing
is defined via the following integral relation

0 Qa)

1

]

0, (2b)

it

802
Fr, o) S o2 Fix, y) e’ dy (3a)

n ~ 1) /b (3b)

2

with o being the discrete Fourier transform variable and with b
being the dimension of the broad sidewall of the waveguide. When
(2a) and (2b) are simplified, they can be reduced to a set of scalar
coupled differential equations for £, and £, which are given by

d*E (x, a) dE,(x, @) dE,(x, a)

PP »nE x, a) + y ——-———‘dx

+ E(x, a) =0 (4a)
d*E,(x, a) dE, (x, dE, (x,

+ 2.E,(x, ) = 0 {4b)

with all coefficients appearing above defined as
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where 1 is the propagation constant in the z-direction.

To find the solution for either £, or £, (4a) and (4b) can be
decoupled yielding a fourth order differcntial equation {or either
component of the electric field. The remaining field components m
the planar anisotropic region are then obtained from Maxwell's

equations i terms ot £, (as shown i [11]), whose exphioit expres.
sion is wntten below

E,(x,ay = AYsin(y, 1) + B win (y x) 5y

with (v, ) denoting the propagation constams of fields in the an
isotropic region | along the t direcuon, Ay and B corresponding
10 the modal amphitudes of £, and « being the angular frequency
The propagation constants (v, } may be obtained by solvang a founh
order charactenstic equation for exther £, of E,. and erpressed in
terms of a, B, as well as the medium parameters of the substrute

The fields inside the isotropic region 2 can be denved with the
help of the potential theory In general, the govermning equations
for the two potential funcuions within this region can be written
terms of ¢°* which denote the potential functions for the TM and
TE modes, respectively 5]

By applying the boundary conditions at the air-anisotropic layer
interface, i.c., at x = h, a set of matrix equations can be obtained,
which yiclds an expression for the adnuttance Green's function
given below

Pla B) o Aér)‘HAE,(h,.o.)~ R -
P B Ti@ B Em o] [T ]
whose individual matnx elements are defined by
Pola, B) = §4¥° + {8 ¥ + ¥}/, (6b)
Pola, B) = £:¥° + {5, %" ~ (¥ }/E, (6c)

Poler, B) = 8,92 + {E8s¥ " — 5E,¥ 7 }/8,  (6d)

Pola, B) = Eo¥7 + {—Eads¥ " + L&Y }/Eo (60)
¥ o= ot (v hy), (6f)
¥ o= cot (v, Ay (6g)
¥ = cot{y_h). {6h)

The remaining constants appearing above, namely £, to £,,, canbe
related to constants muluplying the sine and cosine terms in field
expressions inside the anisotropic and isotropic regions, as shown
in [8]) and [11].

To find the propagation constant, 8, for the slot line, a Galerkin
procedure similar 10 that of [9}-{11] is used to first expand the
clectric fierd components £, and £, within the slot in terms of known
basis functions {11]. After the basis functions are substituted back
into (6a), and appropnate inner products are performed, Parseval's
theorem is applied to obtain a final sct of algebraic matrix equations
whose determinant contains 8.

For the microstrip and cdge coupled lines, a similar approach to
the one used for the grounded slotline is implemented as well Ex-
cept that in this case, the impedance Green’s function and the cur-
rent basis functions on the metal strips are used instead. Notice that
the edge coupled line is capable of supporting both even and odd
modes. Therefore, appropriate choices for a. J,. and J, must be
made accordingly during the computation of the propagation con-
stant {7].

{11, ResuLTs

To venfy the theory presented in this paper. dispersive charac-
teristics of the edge coupled microstrip line on a boron mtnde sub-
strate with ey = 3 0 ¢, = ey = S 12,0, = py, = a,, = 1 O0are
computed and compared to the available resuits published in the
literature. The physical dimensions of the gutding structure are
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Fig. 1. Dispersion curves (f - 0) of the edge coupled line printed on

boron nitride withe, = 3.4, ¢; = 512, ¢; = 5.12, b = 8.5 mm, hy = 1.5

mm, h, = 30mm, w = 1L.5Smm and § = 3.0 mm. -cecccecenn- data

computed by this method. <3 O & ;¢ <> data reproduced from (7).

takentobe b = 8.5 mm, Ay = 1.5 mm, &, = 3.0 mm, w = 1.5
mm, and § = 3.0 mm. Fig. | shows the normalized propagation
constant 8 (8 /k,) plotted as a function of the rotation angle varying
from 0° to 90° at frequencies of 10 and 20 GHz. Alongside the
results computed by the method presented here are also the results
from refercnce [7]; and as can be clearly scen, a good agreement
between them is observed.

The effects of misalignment on the dispersive properties of trans-
mission lines printed on biaxial substrates are studied next. The
two chosen materials are the PTFE cloth and glass cloth. For the
PTFE cloth when its principal axes are aligned with those of the
waveguide, the material parameters charactenizing the substrate are
€ = 2.45,¢; = 2.89, &y = 2.95, and g, = p,, = p,, = 1.0; while
for the glass cloth, they are given by ¢, = 6.24, ¢; = 6.64, ¢3 =
5.56, and p,, = p,, = u,, = 1.0. Fig. 2 shows the response of the
effective dielectric constant of the grounded slotline printed on the
PTFE cloth and glass cloth, respectively. The physical dimensions
of the structure used in computations are b = 3.555 mm, h, =
0.254 mm, h; = 3.301 mm, and w = 0.254 mm with the data
calculated for angles of axes rotation changing from 0° to 90°, at
three different frequencies. The dispersion curves follow a specific
trend, indicating that as the frequency increases to 40 GHz, ¢4
increases correspondingly. An interesting observation can also be
made by examining this figure more closely. It is apparent that even
though e.q for the glass cloth is much laiger than the one belonging
to the PTFE cloth. the percentage of vartation in ¢4 of the former
due to the rotation angle is noticeably lower than for the latter
Such behavior can probably be attributed to the fact that the diag-
onal elements of the permittivity tensor for the plass cloth are nearly
equal.

Fig. 3 displays the results for the microstnip line when the same
cloth materials are uscd as substrates, with the dimensions of the
structure given by b = 12.7 mm, h, = 0.5 mm, h, = 12.2 mm,
and w = 0.5 mm. Once again, all computations were carried out
at frequencies of 20 to 40 GHz, and the behavior of ¢.q i5 showing
similar behavior patterns to those seen earhier for the slotline, in-
cluding the lower sensitivity of the eflective dielectnc constant to
angles of rotation for the glass cloth substrate

The propagation properties of the edge coupled line on the PTFE
cloth are examined next. The same permittivity tensor parameters
(¢y, €3, €3) are employed again with the pertinent dimensions of the
structure given by b = 7.0 mm, h, = O S mm, h; = 3.0 mm. and
w = 0.5 mm. Fig. 4 illustrates the response of ¢4 to the rotation
of the principal axes of the PTEE cloth (as a tunction of the stnip
spacing S) for odd and cven modes. respectively. From these re
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Fig. 2. Effective diclectric constant versus angle of the slotline on PTFE
cloth (¢, = 2.45,¢; = 2.89, ¢, = 2.95 ) and Glass cloth (¢, = 6 24,
ty = 6.64, ¢, =556------ ), withp, = g, = p,, = 1.0, b = 3.555 mm,
h, = 0.254 mm, h, = 3301 mm, and w = 0.254 mm; at frequencics (a)
40 GHz, (b) 30 GHz, and (¢) 20 GHz.
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Fig. 3. Effective dielectric constant versus angle of the microstnp on PTFE
cloth with (¢, = 2.45.¢; = 2.89, ¢, = 2.95 ) and Glass cloth (¢, =
6.24, 6, = 6.64, 65 = 5.56 - ----), with g, = p,, = p, = 1O b = 12.7
mm, h, = 0.5mm,  h, = 122 mm, and w = 0.5 mm, at frequencies (a)
40 GHz, (b) 30 GHz, and (c) 20 GHz.
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sults it 15 apparent that as the spacing between the sinps increases,
teq for both modes approaches the same Linat, which imphes tha
the two modes are essentially becoming degenerate

Finally, toillustrate how the tensor elements of the permeability
would chanpe the eftective index of refrchon under the rotation
of the permisttivity tensor, numenical resulin for the nnorestap
printed on a substiate that s chitractetized by both s biavaal |
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Fig. 5. Effective index of refraction versus angle of the microstnp with ¢,
=96,¢, =104,¢,=82,5=127mm, k, = 05mm, h, = 122 mm,
w = 0.5mm,and f = 30 GHz. (A) p,, = p,, = u, = 1.0, (B) p,, =y,
= 1.0and p,, = 1.6, and (C} g, = 1.0, 4,, = 1.6, and p, = 1 8

and [ ] are shown in Fig. 5. The physical dimensions of the guid-
ing structure are the same as those used in carlier microstnp line
studies, with the permittivity tensor parameters chosen to be ¢, =
9.6, ¢; = 10.4, and ¢; = 8.2. Dispersion curves A, B, and C show
that by changing the material from being magnetically isotropic 10
magnetically biaxial can increase the effective index of refraction
considerably, particularly by varying the u , clement.

IV. CoNcLusiON

An analysis based on the spectral-domain method was applied to
study the effects of misalignment between the principal axes of the
substrate and those of the waveguide on the dispersive propenties
of grounded slotlines, microstrips, and edge coupled lines printed
on anisotropic substrates. The newly derived expression for the
Green’s function is written explicitly in terms of both (¢] and {u]
tensor elements, with the off-diagonal elements of the permittivity
also included in the formulation. The dispersion charactenstics of
these transmission lines are examined when they are printed on
dielectrically biaxial substrates. Numerous results are provided for
different medium parameters for frequencies up to 40.0 GHz when
angles of axes rotation of the permittivity tensor change from 0°
10 90°. Also, the variation in the index of refraction is examined
for a microstrip line printed on a substrate which is charactenized
simultaneously by both its permittivity and permeability tensors It
15 observed that misalignment effects on the dispersion properties
of MIC’s cannot be ignored, even at the lower frequencies for some
anisotropic substrate materials.
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